Mechanical behaviors of pile-soil effect and anchor-soil effect are significantly important in supporting engineering activities of foundation pit. In this paper, finite difference method (FDM) was utilized to perform the numerical simulation of pile-anchor system, composed of supporting piles and pre-stressed anchor cables. Numerical simulations were on the basis of the foundation pit of Jinan's West Railway Station, and 3D simulation analysis of foundation pit has been prepared during the whole processes of excavation, supporting and construction. The paper also analyzed the changes of bending moments of piles and axial forces of cables, and discussed mechanical behaviors of pile-anchor system, through comparisons with field monitoring. The results show that the parameters concluding vertical gridding's number, cohesion of pile and soil, and pile stiffness have robust influences on supporting elements' behaviors. Mechanical behaviors of supporting pile and axial forces of anchor cable changed dramatically, indicating that the potential failure form was converted from toppling failure to sliding failure.
Introduction
Pile-anchor supporting system is consisted of supporting pile and anchor cable. The system can robustly control the displacement of soil, by utilizing the passive stress mechanism of pile and active stress mechanism of anchor cable, and finally maintain the safety of the foundation pit. This system can strictly dominate the displacement of foundation pit, having the merits of strong supporting effects, low-cost and easy-construction [1] .
Shen and Bang [2] studied the influents of supporting parameters during the process of excavation, using the finite element method (FEM). Jiang and Lin [3] exhibited an expression to calculate the maximum displacement of pile-anchor supporting system, based on the abundant monitoring data. Their expresses theoretically depicted the relations of maximum displacement and various engineering aspects. However, the thorough understanding of mechanical behaviors of pile-anchor supporting system is still a difficult task, due to the complexities and uncertain of geo-technical conditions.
In this paper, finite difference method (FDM) was utilized to perform the numerical simulation of pile-anchor system, composed of supporting piles and pre-stressed anchor cables. Numerical simulations were on the basis of the foundation pit of Jinan's West Railway Station, and 3D simulation analysis of foundation pit has been performed during the whole processes of excavation, supporting and construction.
Project overview
The foundation pit of station square located in Jinan city of Shandong province, China, with a length of 470m and a width of 346m. The depth of the foundation pit is approximately 15m, and the underground water level is in the range of -14m ~ -19m. The foundation is mainly composed of clay soil, as well as a portion of land pebble.
According to the engineering geology, hydrogeology, the surrounding environment and the correlated technical specifications, the foundation pit of station square is designed with pile-anchor supporting system. The depth of the foundation pit is 14m. The pile-anchor supporting system is composed by a row of pile and four rows of pre-stressed anchor cables, as shown in Fig. 1 .
Basic theories
The interaction effects of cable, grout and rock/soil are investigated by using spring-slider model system. This model can reflect the shear properties of interaction between cable and rock. The maximum shear force robustly depends on the shear stiffness of grout. The shear stiffness K g of grout for unit thickness can be expressed by:
where, G is the shear modulus of grout, t is the thickness of grout annular and D is the diameter of anchor cable. The shear force τ g of grout intersection can be calculated by:
where, ∆u is the relative displacement of grout and rock/soil.
In evaluating the axial forces that develop in the reinforcement displacements are computed at nodal points along the reinforcement axis, as show in Fig. 2 . Out-of-balance forces at each node are computed from axial force in the reinforcement, as well as shear forces contributed through shear intersection along the grout annulus. Axial displacements are computed by integrating the nodal accelerations using the out-of-balance axial force and a mass lumped at each node. 
